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度侧向通量驱动；在生态模型方面，采用 MODIS 月平均叶绿素 a 遥感数据和世













































琼州海峡 2014 年向北部湾年输入无机氮 108.3×103t，磷酸盐 3.7×103t，最
































Beibu Gulf, honoured as ‘The Last Purity’, is one of the most important bay and 
fishery in China. While more and more attentions are focused on Beibu Gulf for its 
contribution to coastal economic development, the ecosystem is actually under 
immense pressure brought by accelerated industrialization and urbanization. Therefore, 
study about temporal and spatial characteristics of Beibu Gulf ecosystem and its 
response to dynamic environment changes has some reference meaning to eco-
environmental conservation and construction, resources management development and 
economic development strategy. 
In this thesis, further study is made based on an established coupled three-
dimensional physical-biogeochemical numerical model in Beibu Gulf. In 
hydrodynamic model aspect, physical forcing condition has higher precision resulted 
from the combinations of years’ observation data, satellite remote sensing data and 
numerical model data: using daily mean wind field and heat flux data as surface forcing 
data; using tidal elevation, HYCOM sea surface elevation and runoff as water boundary 
condition; using 3D temperature and salinity flux in side boundary. In ecological model 
aspect: using MODIS monthly mean Chl-a remotely sensing data and WOA2013 data 
as initial field and boundary input. Annual variation and distribution characteristic of 
Beibu Gulf ecosystem (of 2014 year, in this thesis) were derived from the model results. 
The whole gulf was divided into 6 regions in consideration of the difference among 
areas, after which the study analysed the key region that affects ecosystem distribution 
and the dynamics features in key period, estimated primary production and f-ratio in 
Beibu Gulf and analysed nutrient cycle budget. The result shows that: 
In winter, controlled by the strong and homogeneous wind, the circulation in Beibu 
Gulf presented a huge unenclosed counter-clockwise pattern. In spring, circulation 
overall pattern remained counter-clockwise in spite of changes in wind direction. In 
summer, influenced by the southwest monsoon and South China Sea (SCS) circulation, 
















northern areas with smaller current speed. In autumn, circulation overall pattern 
remained counter-clockwise in spite of changes in wind direction, yet with smaller 
current speed and irregular current direction in the middle and southern areas. In 
Qiongzhou Strait the monthly mean current kept westward through the whole year and 
the mass transport was bigger in autumn and winter than that in spring and summer, 
with annual mean water flux 0.08Sv. 
The ecosystem in Beibu Gulf was under significant control from dynamic 
conditions. Horizontally, Chl-a concentration reduce gradually from east to west, from 
offshore area to open water, from northern area to middle and southern area; inorganic 
nitrogen mainly concentrated on northern area with a pattern that high in eastern and 
offshore area and low in western area and open water; phosphate concentration only 
had a slightly higher value in estuaries and decreased from offshore area, being lowest 
in middle area. Vertically, offshore water body was well-mixed and ecological elements 
were well-distributed; in open water where depth was much larger, concentration of 
Chl-a a) was lower in surface layer than layer below due to the water stratification in 
spring and summer; b) well-distributed in autumn and winter as the water body was 
well-mixed. There were large differences in characteristics of Chl-a and nutrient annual 
cycle among all regions. In autumn and winter, great amount of nutrient-rich water 
coming into Beibu Gulf from western Guangdong coastal area through Qiongzhou 
Strait, plus suitable water temperature led to phytoplankton bloom, causing high 
concentration of Chl-a and nutrient in western area of Qiongzhou Strait. In summer, 
most part of nutrient in gulf came from land sources brought by rivers and high value 
areas of Chl-a existed in estuaries along Guangxi coast and estuary of Red River. The 
growth of phytoplankton in most areas of Beibu Gulf was limited by phosphate, except 
those on the west of Hainan Island which was limited by nitric salts. For the middle and 
northern area in gulf, the key region was Qiongzhou Strait and the key periods were 
autumn and winter. For the growth of phytoplankton in offshore areas, the key regions 
were estuaries along Guangxi coast and estuary of Red River and the key period was 
summer. The annual average value of primary production in Beibu Gulf was about 
















summer with a trend that increased offshore. There were significant differences in the 
primary production among regions both in the aspect of quantity and seasonal variation. 
Primary production was highest in Qiongzhou Strait western areas, and lower in 
offshore areas. Except that peak of primary production near Guangxi province and 
Vietnam occurred in autumn, it occurred in winter in other areas. Primary production 
mainly consisted of regenerated productivity consisted. The annual average f-ratio was 
about 0.2. 
In 2014, about 108.3×103t inorganic nitrogen and 3.7×103t phosphate were 
transported through Qiongzhou Strait into Beibu Gulf, most of which occurred in 
October. The annual net input from South China Sea into Beibu Gulf was 66.6×103t 
for inorganic nitrogen and 4.6×103t for phosphate. Biological process had more 
influence than physical process on the nutrient cycle budget. Phytoplankton played an 
important role in nutrients’ refreshment: a) Absorption of photosynthesis was the 
biggest nutrient sink. b) Release of cell sap from dead phytoplankton was the biggest 
source in inorganic budget, making up for 33.4% of nitrogen consumed by 
photosynthesis. c) Release of respiration was the biggest source in phosphate budget, 
making up for 32.4% of phosphorus consumed by photosynthesis. d) Nutrient transport 
by river was the important external input to ecosystem, greatly influencing offshore 
areas but less to the whole area in gulf. Together, biological and physical process, in the 
whole 2014 year, led to a 4.8×103t increase in nitrogen and a 4×103t decrease in 
phosphorus in Beibu Gulf. 
The comparison among model, in situ data, remote sensing data and other 
numerical model result shows the model is able to reappear the hydrodynamic and the 
biogeochemical characteristics in Beibu Gulf. The model results are reasonable in data 
magnitude. This study can do contribute to further biogeochemical study about Beibu 
Gulf and provide scientific basis for fishery resources exploitation and marine 
environmental protection. 
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1.2  研究现状 
1.2.1  北部湾自然环境概况 


























图 1-1 北部湾水深地形图 





量在 100mm 以上，且时常受到台风袭击，每年约有 5 次台风经过这里。 
 
 
图 1-2 北部湾 2014 年区域平均风矢量图 
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